Abstract. In recent years, Wireless sensor network has been developed as a new information acquisition technology. It has been widely used in many fields such as environmental monitoring, industrial control and so on. In addition, it has many characteristics such as multi hop transmission, multi transmission, limited resources and so on. Not only easily lead to network congestion, but also makes the traditional congestion control mechanism has been unable to effectively solve its congestion control problem. Therefore, the research of congestion control mechanism about wireless sensor network has important practical significance and application value. In this paper, we study the congestion control strategy based on the characteristics of wireless sensor network, and propose a congestion avoidance mechanism based on cognitive wireless sensor network. On this basis, according to the OSI model (OSI) defined by SimpliciTI protocol, the physical layer, MAC layer and the network layer is realized, the cognitive users communication process is described from the perspective.
Introduction
The Wireless Sensor Network is composed of a large number of micro sensor nodes distributed in the detection area. Between nodes information has been transmitted through wireless communication, multi hop transmission and self organization form [1, 2] . The real-time information required by the user is acquired through the mutual cooperation between nodes.
The characteristics of Wireless Sensor Network, such as multi hop transmission, node size, failure of wireless link, mutual interference and network traffic is not balanced, make the downstream nodes close to the Sink node become the bottleneck of communication. These nodes are prone to congestion. It is one of the hazards caused by the so-called "funnel effect" [3] . According to these characteristics of Wireless Sensor Network, congestion can be divided into two types: node level congestion and link level congestion. If congestion occurs, detriment will be caused such as the energy waste of Wireless Sensor Network, the quality of Qos transmission and so on. [4] . For example, when the network congestion occurs, the node queue buffer overflow, and the increase of buffer queue will result in the delay of data queue and increase the packet loss probability. Packet loss may lead to debase the reliability about the information acquisition and the quality about the application service. When the network uses the MAC protocol (such as CSMA) to carry on the wireless transmission, the collision should be produced with the wireless transmission for the link level congestion, and the waste of energy and the increase of packet service time should be occurred. At the same time, the conflicts of the wireless link should be caused, which leads to the decrease of the link utilization. Therefore, how to effectively avoid or control network congestion is an important symbol to measure the performance of Wireless Sensor Network. It has become a hot topic in the field of Wireless Sensor Network.
Characteristics of Congestion in Wireless Sensor Network
Usually Transport Control Protocol (TCP) is used to control the congestion in the traditional communication network. The TCP mechanism is based on the transmission protocol about packet loss retransmission and window regulation. TCP has good effect on the traditional network congestion processing, but it does not adapt to the complex environment of Wireless Sensor Network. Wireless Sensor Network has its own unique characteristics:
Wireless Sensor Network has many characteristics, such as multi hop transmission, a large scale data of nodes, self organization and so on. These features are not suitable for traditional congestion control because it's based on wired network. In the traditional congestion control mechanism, all of the information related to the transmission is carried out in the end system, which is connected with the routing.
Wireless Sensor Network is application oriented, which has different requirements to the real time performance of data transmission, thus leads to differences between different data priority. The traditional network uses the reliable transmission mechanism of the data packets to ensure that each data packet can be successfully transmitted. The Wireless Sensor Network is a data centric, and the information of a region only needed to meet the demands of the reliability.
In Wireless Sensor Network, the loss of data packets may be due to the wireless link interference, packet collision, data error, and so on. If you simply put packet loss as a sign of congestion is not reasonable. However, TCP is generally considered that the network link is reliable, and the packet loss is caused by congestion or buffer queue overflow.
The Wireless Sensor Network is a multi -to -transmission model, For the downstream node which close to the Sink node, the greater the amount of transmitted data, the more prone to congestion. Therefore, in the process of congestion control, we must take into account the fairness problem caused by different data types and different nodes, which is seldom involved in the design of congestion control in other wireless networks.
Another core issues that we must consider is the life cycle of the network. The Wireless Sensor Network node energy is limited, and the supplementary of energy is not realistic. In the congestion control, it should be taken into account the node's energy consumption. The congestion control should balance the energy consumption of the whole network, improve the whole network's survival time, and increase the overall coverage of the network. Instead, the mechanism about traditional network such as confirmation feedback, the packet loss retransmission will increase the node energy consumption.
Basic Strategy for Congestion Control in Wireless Sensor Network
Network congestion is a kind of state. If the network load exceeds, the packet loss rate of the network will increase sharply, and the node transmission channel will compete highly. At this point the network congestion has happened.
In general, the congestion control mechanism is divided into two types: congestion avoidance and congestion elimination. Congestion avoidance through rate allocation and transmission control of the network avoids network congestion. Congestion is eliminated by adjusting the sampling rate, data processing and traffic redirection.
Congestion Avoidance
The main principle of congestion avoidance is: before the network is congested, some processing mechanisms such as control the transmission rate of the nodes have been used to avoiding the overload of local or global congestion. According to the different mechanism, the congestion avoidance mechanism can be divided into the following methods:
Congestion Avoidance Based on Rate Allocation. Wireless Sensor Network congestion will seriously affect the network QoS and the network life cycle. Before the network congestion, the rate allocation strategy such as adjusting the sending rate of source node can be used to avoid it happened. Congestion avoidance mechanism based on the rate adjustment, which is based on the transmission capacity of the network to distribute the sampling rate and the packet forwarding rate, so that the rate of the packet is not more than the packet forwarding packet. And further ensure that the traffic load in any region is no more than the maximum load in this region.
Congestion Avoidance Mechanism Based on Transmission Control. Different from the rate allocation mechanism, transmission control mechanism decide whether to send the data and send the data size through a number of network information (for example: buffer state, topology information), so as to avoid congestion occurs. The mechanism which is used to determine transmission control through buffer queue occupancy ratio is mainly used to avoid the network congestion caused by the increase of node's cache. Only when the parent node has enough buffer space the data can be send to its child node, and adjust it before the generation of congestion. However, this mechanism needs to be determined by the ratio of cache occupancy, the threshold of buffer space is difficult to determine. If the threshold value is too large, the node may cause the queue overflow. If the threshold value is too small, it will cause the buffer queue utilization is insufficient and affect the network throughput.
Congestion Avoidance Mechanism Based on Cognitive Radio Sensor Network. Cognitive Radio Sensor Network (CRSN) use wireless sensor network based on dynamic spectrum access. Most of the Wireless Sensor Network uses the static spectrum allocation strategy, nevertheless, With the expansion of the network scale, spectrum resource is limited by the increase of the number of nodes. If cognitive radio technology is used to dynamically allocate a specific "idle" channel to the active nodes, the Wireless Sensor Network can enhance the dynamic spectrum ability and use the spectrum more efficiently. In consideration of the above characteristics, the Cognitive Radio Sensor Network has a wider application prospect compared with the traditional sensor. Of course, it is the cost of higher network complexity to carry out real-time data transmission through cognitive radio technology. So far, a large number of research works is trying to solve the problem of the design of the Cognitive Radio Sensor Network protocol, including the Spectrumpooling, CORVUS and IEEE 802.22 standards, etc.
In this scheme, the Cognitive Radio Sensor Network protocol is developed based on SimpliciTI protocol. According to the definition of open system interconnection (OSI) model, the physical layer, MAC layer and basic network layer are realized by SimpliciTI. The physical layer is composed of a 2.4GHz IEEE802.15.4 RF transceiver and an underlying control module. In order to realize the function of the channel reconfiguration, the channel switch module is added to the physical layer, which can change the operating frequency and provide support for the dynamic spectrum access. At the same time, the spectrum sensing module is added. The MAC sub layer provides service interface from point-to-point communication for high access physical channel, provides channel access control arbitration and time synchronization. These services ensure the effectiveness of the wireless data link. In this scheme, the spectrum access module is also added to provide service for the synchronous frequency hopping between nodes.
Cognitive Radio Sensor Network protocol architecture based on SimpliciTI protocol is shown in Fig. 1: The realization of the network layer is relatively simple. As long as the network access and authentication, network layer routing protocol is not complicated. At the same time, the spectrum sharing module is used to allocate the spectrum resources among multiple cognitive users. Because the operation of the entire cognitive loop needs to be connected closely with each network level, the traditional hierarchical development has been difficult to meet the needs of cognitive wireless network. As a result of taking the way of cross layer design and development, based on the layered protocol, the cognitive module is divided, and related each network layer to complete the cognitive goal.
Then the communication process of cognitive users must be described from the perspective of the process.
A series of problems, such as spectrum sensing, decision making and migration, are related to the cognitive users. In order to simplify the description, only the process of transmitting data from node AP (Access Point) to node ED (End Device) is considered. As shown in Fig. 2 .
Spectrum Sensing. Before sending the data packet, cognitive nodes AP coordination network node carry out centralized cooperative spectrum sensing on the current channel. Moreover, according to the detection results of current and previous and the feedback information from nodes, channel is evaluated.
If the channel is idle, packets should be sent: Once the channel is evaluated to be available, the packets will be sent with sequence identity. After the completion of sending, it will be transferred to the receiving mode. If the receiving end returns a ACK confirmation packet with the corresponding sequence identity and successfully received the acknowledgment that the sending is successful. If a period of time the data packet did not received, retransmission will be provided. If twice are not received ACK is considered that the receiver side of the channel is busy or interference, packet transmission failure.
If the channel is busy, wait or carry out spectrum migration: Assuming the channel is evaluated for the busy state, the node will random keep out of the way for a period of time to wait. Such as waiting time to reach the upper limit, spectrum migration will be carried out.
Update channel and node status: After the end of a cognitive cycle, the cognitive center node will update the channel state according to the spectrum sensing results and the feedback of other nodes. It can be referenced for the next channel evaluation and spectrum decision.
Congestion Elimination
Because of the complex working environment of wireless sensor networks, the characteristics of the burst data flow, the congestion avoidance mechanism can not controlled of network congestion effectively. More attention has been paid with how to eliminate network congestion quickly and stably after the network congestion. The sensor nodes can detect whether the network is congested by the length of the queue buffer, the occupancy rate of the channel, and so on. By explicitly or implicitly, the congestion notification method will be notified to the other nodes. After the node receives the congestion notification message, the network congestion will be eased based on the different control strategies. According to the different mechanisms, the congestion mitigation can be divided into three kinds: rate adjustment, traffic scheduling and data processing.
.

Conclusions
Based on the research of congestion control in Wireless Sensor Network, the paper compares the working principle of congestion detection, congestion elimination, congestion avoidance and congestion mitigation. As an opinion, compared with the traditional sensor, Cognitive Radio Sensor Network has a wider application prospect. From the process point of view, the communication process of the physical layer, MAC layer and the basic network layer is described by SimpliciTI.
